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Executive Summary
The Southeastern and Midwestern portions of the United States 
experienced historic tornado activity in the spring of 2011.

During the week of April 18–22, 2011, the meteorological community began to discuss a potentially 
significant severe weather scenario developing in forecasted model runs for the following week. 
Several telling meteorological parameters foreshadowed the historical tornado activity that was to 
follow. The tornado outbreak that ensued resulted in April being ranked the country’s most active 
tornado month on record, with 753 tornadoes. The previous record had been set in April 1974, with 
267 tornadoes. From April 25 to 28, 2011 hundreds of tornadoes touched down from Texas to New 
York, with some of the strongest and most devastating on April 27 occurring in Alabama, Mississippi, 
Georgia, and Tennessee. According to the National Weather Service (NWS), tornado-caused deaths 
reached 364 during the month of April, with 321 people killed during the April 25–28 tornado 
outbreak. 

Less than a month later, on May 22, more than 50 tornadoes touched down across an eight-State 
area, the most powerful of which was a 0.75-mile-wide tornado that cut a 6-mile path through Joplin, 
MO. The tornado destroyed thousands of homes and caused widespread damage in the city. This 
historic tornado resulted in 161 fatalities, the most fatalities ever recorded from a single tornado 
since modern record keeping began in 1950. 
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While tragic, major catastrophic events and disasters such as the tornadoes of spring 2011 often afford 
unique opportunities to research how hazards affect the built environment. The maximum winds 
associated with many of the tornadoes were well above the wind speeds used to design and construct 
many of the buildings damaged and destroyed during the tornadoes, so significant damage to the 
built environment would be expected. However, important information can be garnered related to 
building performance and tornado sheltering after such an event. Damage assessments can also be 
used to measure the effectiveness of adopted building codes, standards, and practices, and to assess 
how buildings built to design-level or near design-level respond near the edge of violent tornadoes or 
along the path of weaker tornadoes.

The Federal Insurance and Mitigation Administration (FIMA) of the U.S. Department of Homeland 
Security (DHS) is responsible for investigating the effect of such events on the built environment. 
In response to a request for technical support from the FEMA Regional offices in the impacted 
states, FEMA deployed a Mitigation Assessment Team (MAT) to investigate the damage and provide 
technical assistance to the affected communities through their Joint Field Offices established in 
response to the events. The purpose of the MAT deployment was to assess the performance of 
buildings, infrastructure, and safe rooms, storm shelters, hardened areas, and tornado refuge 
areas affected by the tornadoes. The MAT was first sent to Alabama, Mississippi, Georgia, and 
Tennessee on May 6, 2011 and then re-deployed to Missouri on June 1, 2011. The MAT included 
FEMA Headquarters and Regional Office engineers, scientists, and communication specialists; 
representatives from academia; and practicing architects, engineers, and building experts from the 
design and construction industry. 

The MAT investigated the performance of residential buildings, commercial and industrial buildings, 
critical and essential facilities, and infrastructure, as well as safe rooms, storm shelters, hardened 
areas, and tornado refuge areas. Additionally, the MAT rated building damage according to the 
Enhanced Fujita (EF) tornado scale to assess wind speeds exerted on the building. The MAT then 
developed conclusions and recommendations based on their assessments. This report presents the 
MAT’s field observations, as well as subsequent conclusions and recommendations.

Observations 
The following summarizes the observed damage and overall building performance by type or use of 
the buildings or structures. 

Residential Construction: Groups of one-, two-, and multi-family residential buildings provided 
opportunities for the MAT to compare damage to multiple buildings. Most of the residential building 
stock affected by the storms were older homes, but some were newer and in compliance with the 
International Residential Code (IRC). The newer structures generally performed well under design-
level wind loading, but the older structures with non-code-compliant construction failed under 
comparable wind conditions. Additionally, throughout the damaged areas, the MAT observed a lack 
of above-code design construction practices, which left the buildings vulnerable to damage from the 
tornadoes. 

Damage was progressively more severe with increasing winds, and revealed structural vulnerabilities 
in buildings, particularly in those subject to winds below the IRC design level of 90 miles per hour 
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(mph). Not unexpectedly, the damage occurred even in new, code-compliant construction in areas, 
as wind speeds were estimated to be well above the IRC design level of 90 mph (3-second gust).

Commercial and Industrial Buildings: The types of commercial and industrial buildings the MAT 
visited are normally designed by a design professional. Accordingly, the MAT assessed the design 
approaches and construction techniques observed in the context of building damage sustained when 
these structures were exposed to the design-level or higher wind speeds. Buildings designed to the 
latest edition of the building code have some capacity to resist above-code level wind speeds, but are 
not able to resist violent winds associated with extreme wind events such as EF4 (associated with 166–
200 mph winds) and EF5 (associated with winds over 200 mph) tornadoes. While failed elements 
of the building envelope contributed to damage, significant portions of commercial and industrial 
buildings were determined to have collapsed when the load path of the Main Wind Force Resisting 
System (MWFRS) was disrupted through structural connection failure. 

In general, buildings the MAT observed appeared to have been designed and constructed in 
accordance with the applicable building codes, but experienced failure of the building envelope and 
structural systems when loaded beyond code parameters.

The MAT noted several commercial and industrial buildings, particularly one- and two-story buildings 
with long-span roofs that suffered catastrophic failure when small, localized failures progressed to 
affect larger areas. In some cases, progressive collapse was the result of a lack of redundant stability 
systems or non-discrete structural systems. Another factor that contributed to complete building 
collapse was the failure of structural connections when load paths were not continuous, such as with 
unreinforced masonry (URM). 

Some of the commercial buildings had operational plans to direct people to refuge areas. While 
these operational plans were diligently activated, in most cases, people were directed to places in 
the building that were not hardened to provide life-safety protection. Further, most of these areas 
were not evaluated by design professionals to identify their vulnerability to damage and failure from 
extreme wind events.

Critical and Essential Facilities: The critical and essential facilities observed by the MAT included 
schools, healthcare facilities, first responder facilities (police and fire stations), and Emergency 
Operations Centers. Most of the buildings were damaged by winds estimated to be at or below design-
level wind speeds, and in general performed no better than commercial and industrial buildings. 

Since it is of vital importance to communities that critical facilities remain functional during and after 
tornadoes, the MAT assessed whether the observed critical facilities had areas specifically designed 
to provide life-safety protection, and if so, whether the areas met the near-absolute protection offered 
by a safe room designed to FEMA 361, Design and Construction Guidance for Community Safe Rooms 
(FEMA 2008a) or a storm shelter designed to International Code Council (ICC) 500, Standard for the 
Design and Construction of Storm Shelters (ICC/NSSA 2008). The MAT found that none of the observed 
facilities along the path or in the periphery of the tornadoes had areas specifically designed for life-
safety protection. Instead, emergency plans often directed building occupants to interior corridors 
or restrooms, areas that provided varying degrees of protection. 

Infrastructure: The MAT assessed tornado damage to communications towers, water treatment 
and distribution facilities, and one wastewater treatment facility. Communications towers not 



only support cell phone service, but are relied on by emergency management agencies and first 
responders. Disrupted operations of community infrastructure due to electrical service interruption 
or structural failure frequently delayed recovery efforts. Wind-blown (“wind-displaced”) materials 
that adhered to latticed communications towers, while presently not accounted for in tower design 
standards, likely contributed to observed tower collapses. There were numerous examples of how 
wind-displaced materials may have increased loads on communications towers. Furthermore, the 
MAT inspected the failure of guy anchors when wind-displaced materials struck the guy wires of a 
communications tower, resulting in its collapse. The current criteria and guidance for the design of 
communications towers does not address increased wind pressures when wind forces act on debris 
that has become entangled with the structure. 

The MAT observed water distribution facilities, water towers, and pumping stations rendered 
inoperable because of power interruption; this led to water loss and decreased water pressure, 
which in turn exposed communities to a risk of contamination and health hazards resulting from 
unsanitary conditions. 

Safe Rooms, Storm Shelters, Hardened Areas, and Tornado Refuge Areas: The MAT observed 
safe rooms, storm shelters, hardened areas, and tornado refuge areas in residential, commercial and 
industrial, and critical facilities, as well as stand-alone community tornado refuge areas. All residential 
and community safe rooms and storm shelters that the MAT observed were built before the adoption 
of the 2009 International Building Code (IBC) and IRC, which codified the requirements of ICC 
500, with the exception of a storm shelter constructed in Seneca, MO. Inspection of safe rooms and 
storm shelters revealed that many of them had one or more of the following deficiencies:

++ Doors and door hardware not designed or constructed to meet known wind and wind-borne 
debris impact criteria for life-safety protection

++ Inadequate ventilation

++ Inadequate anchorage of pre-fabricated units

++ Undocumented location

++ Lack of backup system to provide communications capabilities if needed 

The MAT heard numerous accounts of homeowners seeking shelter in basements or interior rooms. 
Similarly, operational plans in critical facilities often designated hallways as refuge areas. While 
building occupants often consider basements, interior rooms, and hallways as areas of refuge, the 
MAT noted many instances in which seeking cover in these areas was not a safe option. The MAT 
observed areas labeled “tornado shelter” that were used as refuge areas but that had not been 
designed or constructed to provide life-safety protection or evaluated by a design professional to 
identify vulnerability to damage and failure during an extreme wind event. Although enhanced wind-
resistant construction may reduce damage to buildings, only safe rooms or storm shelters hardened 
to provide life-safety protection from tornadoes can truly provide protection during tornadoes. 

The amount of time between the warning and the tornado, which influences where people seek 
shelter, varied significantly. In the April tornadoes in the Southeast, warnings of the likelihood of a 

iv  MITIGATION ASSESSMENT TEAM REPORT     TORNADO OUTBREAK OF 2011

EXECUTIVE SUMMARY



massive tornado outbreak prompted early school dismissals. The rapidly forming tornado that hit 
Joplin, however, left residents with less than 20 minutes to seek shelter. 

Recommendations
The MAT’s key recommendations in this report are presented in Table ES-1, grouped by topic area. 

Table ES-1: Summary of the MAT’s Key Recommendations

Topic Subtopic Key Recommendations

Codes and  
Standards

Residential State and local governments should:

•	 Adopt and enforce current model building codes

•	 Increase emphasis on code compliance

•	 Maintain and rigorously enforce the adopted model building code since 
amendments or lax enforcement practices may weaken the continuous 
load path of the building

Commercial  
and Industrial

•	 Include failure states and survivability in building codes and standards

•	 Change risk category for large-footprint commercial structures with 
long-span roofs to Risk Category III in ASCE 7-101

•	 Improve design approach in ASCE 7 and IBC to address risk consistently 
across hazards

•	 ASCE 7 should improve the commentary on code limitations

•	 Clarify risk tolerance in ASCE 7 and IBC

•	 Include best practices for wind design in IBC

Critical Facilities •	 Change code to require newly constructed schools; 911 call stations; 
emergency operation centers; and fire, rescue, ambulance, and 
police stations to include a FEMA 361-compliant safe room or ICC 
500-compliant storm shelter

Tornado Refuge 
Areas, Hardened 
Areas, Storm 
Shelters, and 
Safe Rooms 

•	 The ICC and FEMA should continue to coordinate standards and 
guidance for storm shelters and safe room design

•	 Improve performance of safe rooms and storm shelters through 
adoption and enforcement of the 2009 or newer versions of IBC and IRC, 
which require compliance with ICC 500 for any storm shelter 

•	 Change code to require new buildings that do not incorporate a FEMA 
361-compliant safe room or ICC 500-compliant shelter to identify the 
best available refuge area(s)

Building Type Residential •	 Implement voluntary best practices to mitigate damage to one- and two-
family residential buildings

1 A Risk Category is assigned to buildings based on the risk to human life, health, and welfare associated with potential damage or 
failure of the building (per ASCE 7-10). The assigned Risk Category, I through IV, dictates the mean return interval for a design event 
that should be used when calculating the building’s resistance to the events. In ASCE 7-05, Risk Categories were called “Occupancy 
Categories.”
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Table ES-1: Summary of the MAT’s Key Recommendations (continued)

Topic Subtopic Key Recommendations

Building Type Commercial  
and Industrial 

•	 Install a storm shelter or safe room or identify best available refuge areas 
in large-footprint buildings 

•	 For all public buildings, install signage in a conspicuous place at building 
entrances that states relevant building design parameters and additional 
signs indicating refuge areas

•	 Place decision-making check lists or flip charts for emergency protocols 
in prominent locations

•	 Do not use URM in primary or critical support areas of a building

•	 Use screws in deck-to-joist connections instead of puddle welds

•	 Include enhancements to building connections beyond the code 
requirements

•	 Incorporate redundancy into the MWFRS

•	 Incorporate more redundancy in the design of large-footprint buildings

•	 Use discrete structural systems in large, long-span buildings

Critical Facilities •	 Perform a vulnerability assessment and identify best available refuge 
areas in existing buildings

•	 Include safe rooms in design of new buildings

•	 Enhance building design to better withstand tornadoes 

•	 Strengthen the facility to remain operational following a tornado or high-
wind event

Infrastructure •	 Work collaboratively to better understand the risks of wind-displaced 
materials on communications towers

•	 Work collaboratively to better understand the effects of wind-displaced 
materials on latticed structures

•	 Provide alternate electrical source

•	 Work collaboratively to better understand communications tower 
performance

Tornado Refuge 
Areas, Best 
Available Refuge 
Areas, Hardened 
Areas, Storm 
Shelters, and 
Safe Rooms

•	 Research travel time to, and use of, safe rooms and storm shelters

•	 Locate safe rooms or storm shelters close to people who will use them

•	 Identify best available refuge areas in buildings without safe rooms

•	 Perform vulnerability assessments of buildings to facilitate planning for 
high-wind events

•	 Register safe rooms with appropriate local government organizations 
and provide coordinates of the primary entrance to them

•	 Equip safe rooms, storm shelters, and best available refuge areas 
with tools to assist occupants when doors and egress routes become 
damaged, inoperable, or blocked by debris

•	 Equip safe rooms, storm shelters, and best available refuge areas with 
an alternate means of communication

•	 Provide training on tornado safe rooms, storm shelters, and refuge areas 
to professional organizations, public officials, emergency managers, 
building owners/operators and the public
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Table ES-1: Summary of the MAT’s Key Recommendations (concluded)

Topic Subtopic Key Recommendations

EF Scale •	 Add DIs to the EF scale guidance

•	 Increase the number of DOD categories for specific DIs

•	 Provide additional guidance for DOD assessment when only a portion of 
a large building is struck

•	 Modify EF scale DI 2 (One- and Two-family Residences) to remove DOD 
5 (“house shifts off foundations”)

•	 Provide photographs with DOD descriptions in EF scale rating guidance

Post-Tornado 
Imagery

•	 NOAA should capture post-tornado aerial photographs

•	 NWS should develop EF contours

•	 NWS should enhance the determination of EF ratings at individual 
structures by including a design professional as part of the QRTs

Definitions:
ASCE = American Society of Civil Engineers
ASCE 7 = Minimum Design Loads for Buildings and Other 

Structures (current edition: ASCE 7-10)
DI = damage indicator
DOD = Degree of Damage
EF = Enhanced Fujita
FEMA = Federal Emergency Management Agency
IBC = International Building Code

ICC = International Code Council
IRC = International Residential Code
MWFRS = main wind force resisting system
NOAA = National Oceanic and Atmospheric Administration
NWS = National Weather Service
QRT = Quick Response Team
URM = unreinforced masonry

TORNADO OUTBREAK OF 2011     MITIGATION ASSESSMENT TEAM REPORT vii

EXECUTIVE SUMMARY





TORNADO OUTBREAK OF 2011     MITIGATION ASSESSMENT TEAM REPORT ix

Contents
Executive Summary ..................................................................................................................................... i

Observations  ................................................................................................................................ ii

Recommendations .........................................................................................................................v

1 Introduction ..........................................................................................................................................1-1

1.1 FEMA Mitigation Assessment Teams ....................................................................................... 1-2

1.1.1 Purpose of the 2011 Tornado Mitigation Assessment Team ...................................... 1-2

1.1.2 Team Composition ....................................................................................................... 1-4

1.1.3 Methodology ................................................................................................................. 1-4

1.1.4 Types of Buildings and Structures Assessed by the MAT .......................................... 1-6

1.1.5 Involvement of State and Local Agencies ................................................................... 1-9

1.1.6 Past Tornado MAT Deployments ................................................................................. 1-9

1.2 Terminology and Background for Tornado Protection Alternatives .................................. 1-11

1.3 2011 Tornado Recovery Advisories ..........................................................................................1-14

1.4 Organization of Report .......................................................................................................... 1-15



2 Meterological Background and Tornado Events of 2011 ......................................................................2-1

2.1 Tornado Prediction ................................................................................................................... 2-2

2.2 Enhanced Fujita Scale ...............................................................................................................2-3

2.3 Tornado Winds and Damage Patterns  ....................................................................................2-4

2.4 National Weather Service Tornado Warning Strategies and Ratings ....................................2-6

2.4.1 Tornado Watches and Warnings  ................................................................................. 2-6

2.4.2 NWS EF Rating Assignments  ...................................................................................... 2-7

2.5 Tornado Events of Spring 2011 .................................................................................................2-8

2.5.1 April 25–28, 2011 Tornadoes in the Mid-South Area of the United States .............. 2-8

2.5.1.1 April 18–24, 2011 ........................................................................................... 2-8

2.5.1.2 April 25, 2011 ...............................................................................................2-10

2.5.1.3 April 26, 2011 ...............................................................................................2-11

2.5.1.4 April 27, 2011, 2:00 a.m. to 12:00 p.m. .......................................................2-11

2.5.1.5 April 27, 2011, 2:30 p.m. to 3:00 p.m.: Philadelphia, MS,  
Tornado #24, and Cullman, AL, Tornado #38 ..........................................2-12

2.5.1.6 April 27, 2011, 3:00 p.m.: Hackleburg to Huntsville, AL, Tornado #40 ..2-13

2.5.1.7 April 27, 2011, 3:30 p.m.: Smithville, MS, Tornado #43 ............................2-14

2.5.1.8 April 27, 2011, 3:38 p.m.: Cordova, AL, Tornado #41/#49 .......................2-15

2.5.1.9 April 27, 2011: Macon County Supercell Thunderstorm, Tornado #46 ...2-16

2.5.2 May 22, 2011 Storms in Missouri ................................................................................2-17

2.5.2.1 Summary of Synoptic Setting and Mesoscale Environment .....................2-18

2.5.2.2 Damage and Path of the Joplin Tornado ...................................................2-19

3 Design and Construction Considerations  ........................................................................................... 3-1

3.1 Effects of Wind Loading on Structures ...................................................................................3-2

3.2 Wind-Borne Debris ...................................................................................................................3-6

3.2.1 Missile Types and Sizes .................................................................................................3-8

3.2.2 Wind-Borne Missile Quantity .................................................................................... 3-11

3.3 Federal, State, and Local Regulations ................................................................................... 3-13

3.3.1 International Building Code and International Residential Code ..........................3-14

x  MITIGATION ASSESSMENT TEAM REPORT     TORNADO OUTBREAK OF 2011

TABLE OF CONTENTS



3.3.2 International Codes and Storm Shelters ....................................................................3-14

3.3.3 State and Local Codes and Regulations in Areas Visited by the MAT  .................. 3-15

3.3.3.1 Alabama ........................................................................................................3-17

3.3.3.2 Georgia ........................................................................................................ 3-18

3.3.3.3 Mississippi .................................................................................................... 3-18

3.3.3.4 Tennessee .................................................................................................... 3-18

3.3.3.5 Missouri ....................................................................................................... 3-19

4 Observations on Residential Building Performance  ........................................................................... 4-1

4.1 One- and Two-Family Residences .............................................................................................4-2

4.1.1 EF Rating Evaluation of Residential Buildings ........................................................... 4-3

4.1.2 Description of Progressive Damage for One- and Two-Family  
Residential Buildings  ...................................................................................................4-4

4.1.3 Loss of Roof Covering and Exterior Siding (DOD 2) ................................................ 4-5

4.1.4 Glazing Damage (DOD 3) ...........................................................................................4-6

4.1.5 Garage Doors Collapse Inward (DOD 4) ...................................................................4-8

4.1.6 Uplift of Roof Decks (DOD 4) ................................................................................... 4-10

4.1.7 Gable End Walls: Vulnerability Related to Uplift of Roof Deck (DOD 4) .............. 4-13

4.1.8 Entire House Shifts Off Foundation (DOD 5)  .........................................................4-14

4.1.9 Roof Structure Removed (DOD 6) ............................................................................ 4-15

4.1.10 Collapse of Framed Walls (DOD 6–9)  ..................................................................... 4-18

4.1.11 Wall Framing-to-Foundation Connection Failure:  
Damage Related to Collapse of Framed Walls (DOD 7–9)  .................................... 4-20

4.2 Multi-Family Residences .........................................................................................................4-24

4.2.1 EF Rating Evaluation of Multi-Family Residential Buildings .................................. 4-24

4.2.2 Chastain Manor Apartments (Tuscaloosa, AL) ........................................................ 4-24

4.2.3 Mercy Village Apartments (Joplin, MO) .................................................................. 4-30

4.3 Summary of Conclusions and Recommendations ................................................................4-35

5 Observations on Commercial and Industrial Building Performance ................................................... 5-1

5.1 Tilt-Up Precast Concrete Walls with Steel Joist Roof System ..................................................5-5

5.1.1 Description of Construction Method and Load Path ................................................ 5-5

TORNADO OUTBREAK OF 2011     MITIGATION ASSESSMENT TEAM REPORT xi

TABLE OF CONTENTS



5.1.2 Typical Failure Modes Observed by the MAT .............................................................5-6

5.1.3 Home Depot (Joplin, MO) ..........................................................................................5-6

5.2 Load Bearing Masonry with Steel Joist Roof System ............................................................ 5-16

5.2.1 Description of Construction Methods and Load Path ..............................................5-17

5.2.2 Typical Failure Modes Observed by the MAT ............................................................5-17

5.2.3 Strip Mall – Dry Cleaner, Two Large Retail Stores, and Other Stores  
(Tuscaloosa, AL) ......................................................................................................... 5-18

5.2.4 Jefferson Metro Care (Birmingham, AL) ................................................................. 5-22

5.2.5 Walmart (Joplin, MO) ................................................................................................ 5-27

5.3 Light Steel Frame Buildings  ..................................................................................................5-36

5.3.1 Description of Construction Method and Load Path .............................................. 5-36

5.3.2 Typical Failure Modes Observed by the MAT ........................................................... 5-36

5.3.3 Fitness Center (Tuscaloosa, AL) ................................................................................ 5-37

5.3.4 St. Paul’s United Methodist Church (Joplin, MO) ................................................... 5-39

5.4 Reinforced Concrete Frame with CMU Infill Walls .............................................................5-42

5.4.1 Description of Construction Method and Load Path ..............................................5-43

5.4.2 Typical Failure Modes Observed by the MAT ...........................................................5-43

5.4.3 Ozark Center for Autism (Joplin, MO) .....................................................................5-43

5.5 Summary of Conclusions and Recommendations ................................................................5-48

6 Observations on Critical Facility Performance: Schools ..................................................................... 6-1

6.1 Building Performance ...............................................................................................................6-4

6.1.1 Alberta Elementary School (Tuscaloosa, AL) ............................................................6-4

6.1.2 University Place Elementary School (Tuscaloosa, AL) ............................................ 6-10

6.1.3 Ringgold High School and Ringgold Middle School (Ringgold, GA) ................... 6-18

6.1.3.1 Ringgold High School ................................................................................ 6-18

6.1.3.2 Ringgold Middle School ............................................................................. 6-26

6.1.4 Joplin East Middle School (Joplin, MO) ................................................................... 6-29

6.1.5 Joplin High School (Joplin, MO) .............................................................................. 6-35

6.2 Operational Issues ...................................................................................................................6-43

6.2.1 Severe Weather Policy  ................................................................................................6-45

xii  MITIGATION ASSESSMENT TEAM REPORT     TORNADO OUTBREAK OF 2011

TABLE OF CONTENTS



6.2.2 Severe Weather Communication and Decision Making ..........................................6-46

6.2.3 Changes for the Future .............................................................................................. 6-47

6.2.4 Summary .....................................................................................................................6-48

6.3 Summary of Conclusions and Recommendations ............................................................... 6-48

7 Observations on Critical Facility Performance: Healthcare, First Responder,  
and Emergency Operations Centers ....................................................................................................7-1

7.1 Hospitals and Health Care Facilities ........................................................................................ 7-3

7.1.1 Birmingham Nursing and Rehabilitation Center (Birmingham, AL) ...................... 7-4

7.1.2 LaRocca Nursing Home (Tuscaloosa, AL)  .................................................................7-7

7.1.3 Greenbriar Nursing Home (Joplin, MO)  .................................................................7-12

7.1.4 St. John’s Medical Center (Joplin, MO) .....................................................................7-15

7.2 First Responder Facilities (Police and Fire)........................................................................... 7-22

7.2.1 Fultondale Municipal Complex (Fultondale, AL) ................................................... 7-22

7.2.1.1 Fire Department ...........................................................................................7-24

7.2.1.2 Library and “Shelter” .................................................................................. 7-25

7.2.1.3 Building and Inspections Department ...................................................... 7-26

7.2.1.4 City Hall ....................................................................................................... 7-28

7.2.1.5 Summary of the MAT EF Ratings for the Fultondale  
Municipal Complex  ................................................................................... 7-29

7.2.2 Tuscaloosa Fire Station 4 (Tuscaloosa, AL) .............................................................. 7-29

7.2.3 Webster’s Chapel Volunteer Fire Department (Wellington, AL) ............................ 7-34

7.2.4 Smithville Police Department (Smithville, MS) ....................................................... 7-37

7.3 Emergency Operations Centers  ............................................................................................7-42

7.3.1 Tuscaloosa EOC (Tuscaloosa, AL) ............................................................................ 7-42

7.3.2 Cullman County EOC (Cullman, AL) ...................................................................... 7-49

7.4 Summary of Conclusions and Recommendations ................................................................ 7-51

8 Observations on Infrastructure Performance ..................................................................................... 8-1

8.1 Water Treatment and Distribution Facilities ...........................................................................8-2

8.1.1 Tuscaloosa Water Works (Tuscaloosa, AL) ................................................................. 8-3

TORNADO OUTBREAK OF 2011     MITIGATION ASSESSMENT TEAM REPORT xiii

TABLE OF CONTENTS



8.1.2 Smithville Water Treatment and Distribution System (Smithville, MS) ...................8-6

8.2 WasteWater Treatment Facilities ............................................................................................ 8-11

8.2.1 Tuscaloosa Waste Water Treatment Plant and Collection System  
(Tuscaloosa, AL) ......................................................................................................... 8-11

8.3 Towers (Communications and Antennas) ............................................................................. 8-12

8.3.1 Free-Standing Towers ................................................................................................. 8-13

8.3.1.1 Latticed 250-Foot EMS Communications Tower (Tuscaloosa, AL)......... 8-13

8.3.1.2 Latticed 300-Foot Cellular Tower (Tuscaloosa, AL) ................................. 8-16

8.3.1.3 Solid Cellular Tower, 13th Street (Tuscaloosa, AL) .................................. 8-19

8.3.2 Guyed Towers .............................................................................................................. 8-21

8.3.2.1 300-Foot Guyed Cellular Tower (Smithville, MS) .................................... 8-21

8.4 Summary of Conclusions and Recommendations ................................................................8-25

9 Observations on Tornado Refuge Areas, Hardened Areas, and Safe Rooms  ..................................... 9-1

9.1 Terminology and Examples ......................................................................................................9-2

9.1.1 Hardened Areas: Areas Designed to Provide Some Protection ................................ 9-3

9.1.2 Storm Shelters and Safe Rooms: Areas Designed for Life-Safety Protection ........... 9-4

9.2 Tornado Refuge Areas  .............................................................................................................9-7

9.2.1 Tornado Refuge Areas in Residences .......................................................................... 9-7

9.2.1.1 Core Remnants ............................................................................................. 9-8

9.2.1.2 Basement Areas ........................................................................................... 9-10

9.2.1.3 Tornado Refuge Areas in Multi-Family Buildings or Complexes ............ 9-13

9.2.2 Tornado Refuge in Commercial and Industrial Buildings:  
Planned Tornado Refuge Areas ..................................................................................9-14

9.2.2.1 Walmart (Joplin, MO ) ................................................................................9-14

9.2.2.2 Lowe’s Home Improvement Store (Tuscaloosa, AL) ................................ 9-15

9.2.2.3 Home Depot (Joplin, MO) ..........................................................................9-17

9.3 Hardened Structures, Rooms, and Areas Not Designed to Defined Criteria ..................... 9-18

9.3.1 Hardened Structures for Residential Use  ................................................................ 9-20

9.3.1.1 Below-Ground Applications ....................................................................... 9-20

9.3.1.2 Above-Ground Applications ....................................................................... 9-22

xiv  MITIGATION ASSESSMENT TEAM REPORT     TORNADO OUTBREAK OF 2011

TABLE OF CONTENTS



9.3.2 Hardened Structures Used as Community Tornado Refuge Areas ........................ 9-23

9.3.2.1 Above-Ground Applications ....................................................................... 9-24

9.3.2.2 Below-Ground Applications ....................................................................... 9-25

9.4 Safe Rooms and Storm Shelters .............................................................................................9-26

9.4.1 Above- and Below-Ground Alternatives .................................................................... 9-26

9.4.2 Prefabricated versus Site-Built Alternatives .............................................................. 9-28

9.4.3 Residential Safe Rooms and Storm Shelters ............................................................. 9-29

9.4.3.1 Below-Ground Applications ....................................................................... 9-29

9.4.3.2 Above-Ground Applications ....................................................................... 9-31

9.4.4 Non-Residential and Community Safe Rooms ......................................................... 9-33

9.4.4.1 Brookwood and Phil Campbell Community Safe Rooms (AL)  .............. 9-34

9.4.4.2 Brookside Fire Station and Community Safe Room (Brookside, AL) .... 9-37

9.4.4.3 Seneca Intermediate School (Seneca, MO)  ............................................. 9-38

9.5 Travel Time to Community Safe Rooms, Storm Shelters, and Tornado Refuge Areas ......9-42

9.6 Compliance Issues with FEMA 320, FEMA 361, and the ICC 500 .......................................9-43

9.6.1 Identifying Design Criteria Used for Safe Rooms and Storm Shelters  ..................9-43

9.6.2 Accessibility to Safe Rooms and Storm Shelters .......................................................9-44

9.6.3 Ventilation for Safe Rooms and Storm Shelters .......................................................9-45

9.6.4 Toilet Facilities for Community Safe Rooms and Storm Shelters ............................9-45

9.6.5 Location and Labeling of Safe Rooms and Storm Shelters  ....................................9-45

9.6.6 Tools and Other Equipment within Safe Rooms and Storm Shelters  ....................9-46

9.7 Summary of Conclusions and Recommendations ................................................................9-47

10  Conclusions of the 2011 Tornado MAT ............................................................................................. 10-1

10.1 Codes and Standards .............................................................................................................. 10-2

10.1.1 Residential Buildings .................................................................................................. 10-2

10.1.2 Commercial and Industrial Buildings ....................................................................... 10-4

10.1.3 Critical Facilities ......................................................................................................... 10-4

10.1.4 Infrastructure Facilities .............................................................................................. 10-5

10.1.5 Tornado Refuge Areas, Hardened Areas, and Safe Rooms ..................................... 10-5

TORNADO OUTBREAK OF 2011     MITIGATION ASSESSMENT TEAM REPORT xv

TABLE OF CONTENTS



10.2 Performance of Residential Buildings  ..................................................................................10-6

10.3 Performance of Commercial and Industrial Buildings  ....................................................... 10-7

10.3.1 Communications and Operations ............................................................................. 10-8

10.3.2 Building Performance/Building Design ................................................................... 10-8

10.4 Performance of Critical Facility Buildings  ...........................................................................10-9

10.5 Performance of Infrastructure Facilities  ............................................................................ 10-11

10.6 Performance of Tornado Refuge Areas, Hardened Areas, and Safe Rooms  ................... 10-12

10.6.1 General .......................................................................................................................10-12

10.6.2 Residential Safe Rooms and Storm Shelters ............................................................10-14

10.6.3 Community Safe Rooms, Storm Shelters, and Tornado Refuge Areas ..................10-16

10.7 EF Scale .................................................................................................................................. 10-17

10.8 Post-Tornado Imagery ........................................................................................................... 10-18

11 Recommendations of the 2011 Tornado MAT ....................................................................................11-1

11.1 Codes and Standards .............................................................................................................. 11-2

11.1.1 Residential Buildings ...................................................................................................11-2

11.1.2 Commercial and Industrial Buildings ........................................................................11-3

11.1.3 Critical Facilities ......................................................................................................... 11-4

11.1.4 Tornado Refuge Areas, Hardened Areas, and Safe Rooms ..................................... 11-4

11.2 Residential Construction ........................................................................................................ 11-5

11.3 Commercial and Industrial Construction ............................................................................. 11-6

11.3.1 Occupant Notification and Operations .................................................................... 11-6

11.3.2 Detailing and Connections .........................................................................................11-7

11.4 Critical Facilities ...................................................................................................................... 11-8

11.4.1 Existing Critical Facilities............................................................................................11-9

11.4.2 New Critical Facilities ................................................................................................11-10

11.5 Infrastructure Facilities  ........................................................................................................11-10

11.6 Tornado Refuge Areas, Hardened Areas, and Safe Rooms ................................................11-11

xvi  MITIGATION ASSESSMENT TEAM REPORT     TORNADO OUTBREAK OF 2011

TABLE OF CONTENTS



11.7 EF Scale ...................................................................................................................................11-13

11.8 Post-Tornado Imagery ............................................................................................................11-13

Appendices

Appendix A Acknowledgments

Appendix B References

Appendix C Acronyms

Appendix D Glossary

Appendix E EF Scale Summary

Appendix F Recovery Advisories for the Spring 2011 Tornadoes

Appendix G Recommendations for One- and Two-Family Residential Buildings

List of Figures

Chapter 1

Figure 1-1: NOAA SPC Storm Reports for April 25-28, 2011 tornado outbreak ............................ 1-3

Figure 1-2: NOAA SPC Storm Report for the May 22, 2011 tornado outbreak .............................. 1-4

Figure 1-3: Communities in Alabama, Georgia, Mississippi, Tennessee, and Missouri 
visited by the MAT in 2011 .............................................................................................. 1-5

Figure 1-4: HMGP-funded residential safe room in Smithville, MS, that was occupied 
during the storm, but was not in the tornado path ....................................................... 1-8

Figure 1-5: Cover of FEMA 320.........................................................................................................1-11

Figure 1-6: Cover of FEMA 361 .........................................................................................................1-13

Figure 1-7: Cover of ICC 500 ............................................................................................................1-14

Chapter 2

Figure 2-1: Potential tornado damage pattern  ................................................................................ 2-5

Figure 2-2: Map of tornado tracks associated with the April 27, 2011 outbreak in Alabama ........ 2-9

TORNADO OUTBREAK OF 2011     MITIGATION ASSESSMENT TEAM REPORT xvii

TABLE OF CONTENTS



Figure 2-3: Map of tornado tracks associated with the April 26–27, 2011 outbreak  
in Mississippi ...................................................................................................................2-10

Figure 2-4: Base reflectivity and hook echo for Cullman, AL ........................................................2-12

Figure 2-5: Base reflectivity and hook echo for Hackleburg, AL ...................................................2-13

Figure 2-6: Base reflectivity and hook echo and storm relative velocity for Phil Campbell, AL ..2-14

Figure 2-7: Base reflectivity and hook echo and storm relative velocity for Smithville, MS .........2-15

Figure 2-8: Base reflectivity and hook echo and storm relative velocity for Cordova, AL ............2-15

Figure 2-9: Base reflectivity and hook echo and storm relative velocity for Tuscaloosa, AL ........2-16

Figure 2-10: Base reflectivity and hook echo and storm relative velocity for Pleasant Grove, AL ..2-17

Figure 2-11: Joplin, MO, base reflectivity with hook echo and storm relative velocity ...................2-19

Chapter 3

Figure 3-1: Effects of a breach in a building envelope when the breach is on the windward 
or leeward side of a building ........................................................................................... 3-3

Figure 3-2: Load path continuity in CMU wall .................................................................................3-4

Figure 3-3: Building failure modes in high-wind event.................................................................... 3-5

Figure 3-4: Uplift pressures acting on a building ............................................................................. 3-5

Figure 3-5: Brick veneer blew off this high school cafeteria during the tornado in Phil 
Campbell, AL. Note that brick ties do not appear to be at the correct spacing. .........3-6

Figure 3-6: Example of small- and medium-sized missiles commonly observed by the MAT 
(Tuscaloosa, AL) .............................................................................................................. 3-7

Figure 3-7: Example of medium- to large-sized wind-borne missiles (Tuscaloosa, AL) ................ 3-7

Figure 3-8: Medium-sized missile that struck the roof of a school building (Tuscaloosa, AL) .....3-8

Figure 3-9:  Large roof beam penetrated the roof of this home (Athens, AL) ............................... 3-9

Figure 3-10: OSB damaged the first floor locker in Joplin High School (Joplin, MO) ................... 3-9

Figure 3-11: Small pieces of OSB debris penetrated the roof of a home (Harvest, AL) ............... 3-10

xviii  MITIGATION ASSESSMENT TEAM REPORT     TORNADO OUTBREAK OF 2011

TABLE OF CONTENTS



Figure 3-12: Metal sheathing travelled 200 feet as wind-borne debris and landed next to a 
building outside of the tornado swath (Fultondale, AL) ............................................ 3-10

Figure 3-13: A 2x6 missile penetrated the roof and seat of a car (Joplin, MO) ............................. 3-11

Figure 3-14: Wind-borne debris consisting of wood framing members and plywood 
sheathing near the Alberta Elementary School, Tuscaloosa, AL ............................... 3-11

Figure 3-15: Large quantity of wind-borne debris covering the lawn of a nursing home in 
Joplin, MO ...................................................................................................................... 3-12

Figure 3-16: Numerous missiles struck the outer wall of this non-residential building, 
including several that remained embedded (Tuscaloosa, AL) ................................... 3-12

Figure 3-17:  Large pile of small- and medium-sized wind-borne debris outside of Joplin 
High School (Joplin, MO) ............................................................................................ 3-13

Chapter 4

Figure 4-1: Wind-borne asphalt shingle penetrated the gypsum board on both sides of 
this interior wall at Chastain Manor Apartment Complex (Tuscaloosa, AL) .............4-4

Figure 4-2: Example of DOD 2 (loss of asphalt shingles) (Tuscaloosa, AL) [MAT EF 
Rating = 0] ....................................................................................................................... 4-5

Figure 4-3: Example of DOD 2 (loss of siding) (Tuscaloosa, AL) [MAT EF Rating = 0] .............. 4-5

Figure 4-4: Example of DOD 2 (loss of siding) through DOD 6 (large sections of roof 
structure removed) (Joplin, MO) [MAT EF Rating = 2] ..............................................4-6

Figure 4-5:  Effect of wind on an enclosed building and a partially enclosed building  ................4-6

Figure 4-6: Double-glazed window with outer pane sacrificed, leaving the inner glazing 
intact (Mercy Village, Joplin, MO) ................................................................................. 4-7

Figure 4-7: Example of DOD 3 showing window with shattered double-glazing  
(Harvest, AL) [MAT EF Rating = 2] ..............................................................................4-8

Figure 4-8: Example of DOD 4 showing a wide garage door collapsed inward, while 
narrow garage door to left is intact. (Joplin, MO). [MAT EF Rating = 2] .................. 4-9

Figure 4-9: Example of damage including loss of large sections of roof (DOD 6)  
(Joplin, MO) [MAT EF Rating = 2] ............................................................................... 4-9

Figure 4-10: Example of how garage door failure (DOD 4) initiated progressive failure, 
including loss of the garage roof (DOD 6) (Joplin, MO) [MAT EF Rating = 2] ........ 4-9

TORNADO OUTBREAK OF 2011     MITIGATION ASSESSMENT TEAM REPORT xix

TABLE OF CONTENTS



Figure 4-11: Example of DOD 4 showing roof decking blown off along eaves and hip 
(Joplin, MO) [MAT EF Rating = 2] ............................................................................. 4-10

Figure 4-12: Component and cladding wind pressures  ................................................................... 4-11

Figure 4-13: Example of DOD 4 showing where roof decking lifted and blew off above 
damaged soffit (Birmingham, AL) [MAT EF Rating = 2] .......................................... 4-12

Figure 4-14: Example of DOD 4 showing roof decking removed at wide eaves on hip roof 
(Phil Campbell, AL) [MAT EF Rating = 1] ................................................................. 4-12

Figure 4-15: Red circled roof deck nail not connected to rafter (Harvest, AL) ............................. 4-13

Figure 4-16: Example of DOD 4 showing damage to gable end of simple gable roof 
(Harvest, AL) [MAT EF Rating = 1] ..............................................................................4-14

Figure 4-17: Example of DOD 5 showing residential building shifted off masonry piers 
(Cullman, AL) [MAT EF Rating = 2] ............................................................................4-14

Figure 4-18: Example of DOD 6 showing failed roof-to-wall connections that resulted in 
loss of roof structure (Harvest, AL) [MAT EF Rating = 2] ......................................... 4-15

Figure 4-19: Example of roof-to-wall connection failure facilitated by non-code-compliant 
construction (Harvest, AL) [MAT EF Rating = 1] ...................................................... 4-15

Figure 4-20: Over-notched rafter found on ground with two toe nails withdrawn from plate 
(Harvest, AL) [MAT EF Rating = 1] ............................................................................. 4-16

Figure 4-21: Example of DOD 6 showing trusses were connected to walls with small 
hurricane ties (Phil Campbell, AL) [MAT EF Rating = 2] ..........................................4-17

Figure 4-22: Example of DOD 6 showing insufficient connection of single roof-to-wall 
connector (Tuscaloosa, AL) [MAT EF Rating = 2] ......................................................4-17

Figure 4-23: Example of DOD 6 showing failure of roof framing that resulted in loss of 
lateral support for the top of this wall (Phil Campbell, AL)[MAT EF Rating = 2] ... 4-18

Figure 4-24: Example of DOD 6 showing pressurization of garage when failure of the 
garage door/wall removed the support (Harvest, AL) [MAT EF Rating = 2] .......... 4-19

Figure 4-25: Example of DOD 6 where most walls remained standing, but under-braced 
garage entry wall failed (Joplin, MO) [MAT EF Rating = 2] ..................................... 4-19

Figure 4-26: Example of DOD 6 showing under-braced framed sunroom wall failure 
(Harvest, AL) [MAT EF Rating = 2] ............................................................................ 4-20

Figure 4-27: Example of wall framing-to-foundation connection failure (Harvest, AL) 
[MAT EF Rating = 2] ..................................................................................................... 4-21

xx  MITIGATION ASSESSMENT TEAM REPORT     TORNADO OUTBREAK OF 2011

TABLE OF CONTENTS



Figure 4-28: Example of wall framing-to-foundation connection failure (Harvest, AL) 
[MAT EF Rating = 2] ..................................................................................................... 4-21

Figure 4-29: Wall-to-foundation connection failure (Hackleburg, AL) [MAT EF Rating = 3] ..... 4-22

Figure 4-30:  Wall-to-foundation failure where bottom plate and concrete nails were pulled 
out by high winds (Hackleburg, AL) [MAT EF Rating = 3] ....................................... 4-23

Figure 4-31:  Wall-to-foundation connection failure (Tuscaloosa, AL) [MAT EF Rating = 4] ...... 4-23

Figure 4-32: Aerial view of Chastain Manor Apartments in relationship to the approximate 
centerline of the tornado damage swath (Tuscaloosa, AL) ........................................ 4-25

Figure 4-33:  One-story Chastain Manor Apartments suffered damage varying from roof 
decking uplift to collapse of roof structure ................................................................. 4-26

Figure 4-34:  One-story Chastain Manor Apartment unanchored porch column that rotated 
at top and bottom of column ........................................................................................ 4-27

Figure 4-35: Example of DODs 3 and 4 showing two-story Chastain Manor Apartments with 
varying roof damage...................................................................................................... 4-27

Figure 4-36: Example of DOD 6 showing two-story Chastain Manor Apartments completely 
destroyed by the tornado with slabs swept clean ......................................................... 4-28

Figure 4-37: Two-story Chastain Manor Apartment steel porch column was blown away and 
embedded in neighboring hillside ............................................................................... 4-28

Figure 4-38:  Most of the bottom plates were blown off the Chastain Manor leasing office .......... 4-29

Figure 4-39: Two-story Chastain Manor Apartment slab with bottom plate pulled over 
remaining anchor bolt and 1-inch diameter washer ................................................... 4-29

Figure 4-40: Aerial photograph showing Mercy Village prior to tornado ...................................... 4-30

Figure 4-41:  Aerial photograph of Mercy Village after the tornado (Joplin, MO) ........................ 4-31

Figure 4-42:  Aerial photograph of Mercy Village after tornado (Joplin, MO) .............................. 4-32

Figure 4-43: West wall and elevator tower where brick fell off and damaged one-story roof ........ 4-33

Figure 4-44: Damage to the gable end wall at south stair tower end. Note third floor wall is 
missing and second floor wall is bowed outward. ........................................................ 4-33

Figure 4-45:  Damaged glazing on the interior courtyard of north wing building; majority of 
glazing was damaged ..................................................................................................... 4-34

TORNADO OUTBREAK OF 2011     MITIGATION ASSESSMENT TEAM REPORT xxi

TABLE OF CONTENTS



Figure 4-46: Nails through roof sheathing and nail plates have separated from roof trusses 
because of wind pressures ............................................................................................. 4-35

Chapter 5

Figure 5-1: Location of Joplin, MO, buildings described in Chapter 5 .......................................... 5-3

Figure 5-2: Location of Tuscaloosa, AL, buildings described in Chapter 5 ...................................5-4

Figure 5-3: Location of Jefferson Metro Care medical office in Birmingham, AL ........................5-4

Figure 5-4: Aerial view of Home Depot in Joplin, MO, in relationship to the approximate 
centerline of the May 22, 2011 tornado damage swath ................................................. 5-7

Figure 5-5: Field east of Home Depot with roof debris .................................................................... 5-8

Figure 5-6:  Failed puddle welds that connected the metal roof deck to the top chord of 
the joist ............................................................................................................................. 5-9

Figure 5-7: Joist girder and column failure ....................................................................................... 5-9

Figure 5-8: Separation at bottom chord to stabilizer plate ............................................................ 5-10

Figure 5-9:  Buckled column ..............................................................................................................5-11

Figure 5-10: Bolt failure at interior column resulting from shear and tension. The hooked 
anchor bolts pulled out of the slab. .............................................................................. 5-12

Figure 5-11: Joist support pocket at top of a precast wall ................................................................. 5-12

Figure 5-12: Failure of joist-to-joist girder connection shown by broken welds ...............................5-14

Figure 5-13:  The joist seats came free of their bearing locations when both the seat-to-joist 
weld and the seat-to-embed plate weld broke ...............................................................5-14

Figure 5-14:  Example of weld plate and joist failure. The joist seat was torn from the joist 
and the anchor studs from embed plate were torn out of the concrete. ................... 5-15

Figure 5-15:  The panel at the weld plate failed ................................................................................ 5-15

Figure 5-16: Example of a weld plate failure. Note the attached joist and the joist pocket at 
the top of the wall panel. .............................................................................................. 5-16

Figure 5-17: Aerial view showing the locations of the dry cleaner building, fitness center, 
retail store “A” and retail store “B” (Tuscaloosa, AL) .................................................. 5-18

xxii  MITIGATION ASSESSMENT TEAM REPORT     TORNADO OUTBREAK OF 2011

TABLE OF CONTENTS



Figure 5-18:  Steel joist in midst of collapsed unreinforced masonry wall at the dry cleaner 
store (Tuscaloosa, AL) ................................................................................................... 5-19

Figure 5-19:  Solid steel hot rolled sections left in beam pockets of CMU building section .......... 5-20

Figure 5-20: Sequence of failure for CMU wall at the dry cleaner building .................................. 5-20

Figure 5-21:  Global wall instability failure. The CMU blocks are lying loosely on the 
ground and many have rotated due to the complete separation of all the blocks. ... 5-21

Figure 5-22:  View of steel joist pockets in CMU wall where joists pulled out; the exterior 
CMU wall fell inwards ................................................................................................... 5-22

Figure 5-23:  Steel joists with joist seat and bond beam on top of collapsed wall. Wall 
fragmentation shows lack of reinforcement in the wall. ............................................. 5-22

Figure 5-24: Aerial view showing the Jefferson Metro Care Facility in relationship to the 
approximate centerline of the tornado damage swath (Birmingham, AL) .............. 5-23

Figure 5-25:  Failed bond beam-to-structural steel connection over front windows ....................... 5-24

Figure 5-26: Roof joist lifted off front and folded over rear half of building ................................. 5-25

Figure 5-27:  Failed roof deck with no connections between the roof deck and the joists ............. 5-25

Figure 5-28: This CMU cell was found on the ground adjacent to the structure........................... 5-25

Figure 5-29: Bar joist with embed plate and bond beam cell still attached .................................... 5-26

Figure 5-30:  Embed plate with bond beam cell on roof .................................................................. 5-26

Figure 5-31:  Aerial view of a Walmart in Joplin, MO in relationship to the approximate 
centerline of the May 22, 2011 tornado damage swath ............................................... 5-27

Figure 5-32: The relatively undamaged west elevation of Walmart after the May 22, 2011 
tornado (Joplin, MO) .................................................................................................... 5-28

Figure 5-33: Interior of the north half of the Walmart, looking east. Fallen roof structure 
shown in right side of the picture. ................................................................................ 5-29

Figure 5-34:  Destroyed east side of north half of Walmart .............................................................. 5-29

Figure 5-35: Interior of the north half of building showing water infiltration  
collected in bags ............................................................................................................ 5-30

Figure 5-36:  Interior view from the south half of the building looking toward the east. This 
shows the boundary of roof damage to the south portion of the building. .............. 5-31

TORNADO OUTBREAK OF 2011     MITIGATION ASSESSMENT TEAM REPORT xxiii

TABLE OF CONTENTS



Figure 5-37: View of the south half of the building looking north showing roof damage. 
Note the missing roof membrane. ................................................................................ 5-31

Figure 5-38: Typical connection of two steel joists to joist girder. While the joist seat from 
one joist remains, the weld failed at the other joist seat connection. ......................... 5-32

Figure 5-39: Joist girder rotated at the column; the bottom chord was not attached to the 
stabilizer plate ................................................................................................................ 5-32

Figure 5-40: Collapsed column with hooked anchor bolts remains attached to the 
foundation at the base ................................................................................................... 5-32

Figure 5-41:  Roof structure remaining in south half of Walmart (Joplin, MO) ............................ 5-33

Figure 5-42: Reinforcing steel in Walmart foundation .................................................................... 5-33

Figure 5-43: Partial collapsed wall in southern half of store ........................................................... 5-34

Figure 5-44: Area of relatively limited damage ................................................................................. 5-35

Figure 5-45:  Another view of the area shown in Figure 5-44 ........................................................... 5-35

Figure 5-46:  Aerial view of the fitness center in relationship to the approximate centerline 
of the April 27, 2011 tornado damage swath (Tuscaloosa, AL) .................................. 5-37

Figure 5-47: Front of fitness center building..................................................................................... 5-38

Figure 5-48: The anchor bolts of this base plate connection performed well while the weld 
along the base of the steel column failed .................................................................... 5-39

Figure 5-49:  Ductile end column at southwest corner of building. The anchor bolts 
remained attached to both the foundation and the column...................................... 5-39

Figure 5-50:  Aerial view of St. Paul’s United Methodist Church (Joplin, MO) in relationship 
to the approximate centerline of the tornado damage swath ....................................5-40

Figure 5-51:  Intact PEMB main frames ............................................................................................. 5-41

Figure 5-52:  Roof system purlins intact with metal roof clip released ............................................ 5-41

Figure 5-53: Secondary framing (light gage infill walls) failed while the main  
frames survived ..............................................................................................................5-42

Figure 5-54:  Aerial view of the Ozark Center for Autism in relationship to the approximate 
centerline of the tornado damage swath (Joplin, MO) ..............................................5-44

Figure 5-55: East elevation of the Ozark Center for Autism showing damage ...............................5-45

xxiv  MITIGATION ASSESSMENT TEAM REPORT     TORNADO OUTBREAK OF 2011

TABLE OF CONTENTS



Figure 5-56:  East elevation from northeast corner of building. The structural core of the 
taller building performed well, as did the CMU infill. ...............................................5-45

Figure 5-57:  Two-story extension on east side of building shown in Figure 5-56; view shows 
typical interior layout ....................................................................................................5-46

Figure 5-58: Roof of the third-story main building ..........................................................................5-46

Figure 5-59: Roof section at two-story extension showing how the metal roof deck 
diaphragm is connected to the joists............................................................................ 5-47

Figure 5-60: View of roof of the two-story extension observed from the third floor. Note the 
failed decking at the corner. ......................................................................................... 5-47

Chapter 6

Figure 6-1: Location of Tuscaloosa, AL, critical facilities described in Chapters 6 and 7 ............. 6-3

Figure 6-2: Location of Joplin, MO, critical facilities described in Chapters 6 and 7 ....................6-4

Figure 6-3:  Aerial view of tornado track in vicinity of Alberta Elementary School. The 
center of the damage swath is approximated. ...............................................................6-5

Figure 6-4:  Area shown in yellow circle of Figure 6-3. The general location of the tornado 
refuge areas for the two surviving wings is shown. ........................................................6-6

Figure 6-5:  View of the central core area. Refuge areas for the two surviving wings were in 
the collapsed area. ...........................................................................................................6-6

Figure 6-6: Interior reinforced CMU wall in the central core area where rebar had 
deficient splice lap ........................................................................................................... 6-7

Figure 6-7: Center classroom wing remains standing while the wing to the right collapsed ........6-8

Figure 6-8:  Partially collapsed corridor wall .....................................................................................6-8

Figure 6-9:  Looking down the corridor of the collapsed classroom wing ...................................... 6-9

Figure 6-10: The reinforced CMU walls around the restroom were left standing, but the 
rooms were littered with debris ...................................................................................... 6-9

Figure 6-11: University Place Elementary School after the tornado ............................................... 6-10

Figure 6-12: Aerial view of the tornado track in the vicinity of the University Place 
Elementary School. The center of the damage swath is approximated. .................... 6-11

TORNADO OUTBREAK OF 2011     MITIGATION ASSESSMENT TEAM REPORT xxv

TABLE OF CONTENTS



Figure 6-13: Close-up of Figure 6-12 showing classroom wings A and B and multipurpose 
wing (cafeteria, kitchen, and multipurpose room) ..................................................... 6-11

Figure 6-14:  View looking south showing damage of the classroom wings and  
multipurpose wing ......................................................................................................... 6-12

Figure 6-15:  View looking north showing wall and roof structure damage to classroom  
wing B and damage to the multipurpose wing............................................................ 6-13

Figure 6-16: View of the second floor damage to classroom wing B ............................................... 6-13

Figure 6-17: View inside the cafeteria ................................................................................................6-14

Figure 6-18:  View toward the cafeteria from within the multipurpose room. The inset 
shows a multipurpose room girder supported by a concrete column. ........................6-14

Figure 6-19:  Multipurpose room girder. Lack of alignment of the bolt holes in the top and 
bottom plates (see insets) prevented installation of the anchor bolts. ...................... 6-15

Figure 6-20: Weld remnants where a joist was attached to the girder and weld remnants 
where a joist was attached to a bearing plate at a bond beam. ................................... 6-16

Figure 6-21: A strong weld attaching a piece of decking to the joist. The photo on the right 
shows a weak deck attachment where the weld burnt through the joist. ....................6-17

Figure 6-22: Rebar extending out of the slab at the multipurpose room end wall .........................6-17

Figure 6-23: View of the Ringgold High School and Ringgold Middle School prior to the 
April 2011 tornado. NWS EF contour ratings are also shown. ................................... 6-19

Figure 6-24:  Close-up view of Figure 6-23 showing the Ringgold High School prior to the 
April 2011 tornado ......................................................................................................... 6-20

Figure 6-25: View of one of the portable classrooms. The red arrows indicate anchor straps. 
The strap shown in the inset had corroded through. ................................................. 6-21

Figure 6-26: View of the 2008 auxiliary gymnasium and original gymnasium .............................. 6-22

Figure 6-27: View of the two gymnasium roofs. The EPDM (black) membrane is over the 
original gymnasium. Note the displaced rooftop equipment. ................................... 6-22

Figure 6-28:  View of the roof of the 2008 auxiliary gymnasium; inset shows lifted decking ........ 6-23

Figure 6-29:  The loss of the roof covering shown in Figure 6-28 led to water intrusion that 
damaged the floor below............................................................................................... 6-24

Figure 6-30:  View of the aggregate ballasted roof. The fully adhered roof membrane blew 
away; inset below shows broken windows. .................................................................... 6-24

xxvi  MITIGATION ASSESSMENT TEAM REPORT     TORNADO OUTBREAK OF 2011

TABLE OF CONTENTS



Figure 6-31: The roof covering was blown off of the 2008 art center. The metal wall 
covering and insulation was also blown off the CMU. ................................................ 6-25

Figure 6-32:  At the wrestling facility, metal roof panels were blown off, steel framing was 
damaged, and a portion of the unreinforced CMU wall collapsed ........................... 6-25

Figure 6-33:  View of the Ringgold Middle School prior to the April 2011 tornado....................... 6-26

Figure 6-34:  View of the Ringgold Middle School (the inset shows the left portion of the 
school). The 2008 auxiliary gymnasium and original gymnasium are shown. ........ 6-27

Figure 6-35:  This wing lost most of its roof decking, and a portion of the brick veneer and 
unreinforced CMU collapsed ....................................................................................... 6-27

Figure 6-36:  View from within a classroom with the collapsed wall shown in Figure 6-35. 
The deck bulb-tees also blew off. .................................................................................. 6-28

Figure 6-37: Deck panels blew off the original gymnasium ............................................................ 6-28

Figure 6-38:  EIFS wall failure, glazing damage, and roof deck blow-off ........................................ 6-29

Figure 6-39: Aerial view of the tornado track in the vicinity of the Joplin East Middle 
School. NWS EF contour ratings are also shown......................................................... 6-30

Figure 6-40:  Close-up of Figure 6-39. Major areas of blow-off of the roof membrane and 
roof deck are shown. ...................................................................................................... 6-30

Figure 6-41:  Interior rooms designated as “shelters” in the middle school’s Tornado 
Evacuation Plan. The inset shows the “shelter” signage. ............................................. 6-31

Figure 6-42:  View of the collapsed auditorium roof and both exterior walls ................................. 6-32

Figure 6-43: View of the gymnasium. The inset shows where the truss was attached to  
the wall. .......................................................................................................................... 6-32

Figure 6-44:  View of the end of the collapsed truss shown in Figure 6-43 ..................................... 6-33

Figure 6-45: Roof truss and wall debris on the gymnasium floor ................................................... 6-33

Figure 6-46:  Brick veneer/insulation/precast concrete wall on the gymnasium floor .................. 6-34

Figure 6-47: View of rain infiltration damage in a school corridor ................................................ 6-34

Figure 6-48: Aerial view of the track in the vicinity of the Joplin High School. The center of 
the damage swath is approximated. NWS EF contour ratings are also shown.......... 6-36

Figure 6-49: Close-up of Joplin High School .................................................................................... 6-37

TORNADO OUTBREAK OF 2011     MITIGATION ASSESSMENT TEAM REPORT xxvii

TABLE OF CONTENTS



Figure 6-50:  View of a corridor designated as tornado refuge area. The debris was blown 
into the corridor during the tornado. .......................................................................... 6-38

Figure 6-51: North classroom wing. The inset shows a close-up of the opposite side of  
the wing. ......................................................................................................................... 6-39

Figure 6-52: Collapse of the exterior brick veneer/reinforced CMU wall and roof assembly 
into the corridor at the north end of the north classroom wing ............................... 6-39

Figure 6-53: Collapsed brick veneer/reinforced CMU .....................................................................6-40

Figure 6-54:  View of the collapsed gymnasium. The inset shows the base plate and an 
anchor bolt that connected the girder support column to the pilaster. .................... 6-41

Figure 6-55: Interior view of the second gymnasium ....................................................................... 6-41

Figure 6-56:  North wall of the auditorium ........................................................................................6-42

Figure 6-57:  South wall of the auditorium, showing collapse of the masonry infill wall ...............6-42

Figure 6-58:  Flowchart depicting severe weather decision making process used by school 
districts in Alabama .......................................................................................................6-46

Figure 6-59:  Flowchart depicting severe weather decision making process used by the 
Joplin, MO, School District ........................................................................................... 6-47

Chapter 7

Figure 7-1: Location of Tuscaloosa, AL, critical facilities described in Chapters 6 and 7 ............. 7-2

Figure 7-2: Location of Joplin, MO, critical facilities described in Chapters 6 and 7 .................... 7-3

Figure 7-3:  Aerial view of the nursing home. Figure shows courtyard where residents were 
evacuated to and impact of wind-borne debris (Birmingham, AL). ........................... 7-4

Figure 7-4: Aerial view of the nursing home in relation to the approximate centerline of 
the tornado damage swath (Birmingham, AL) ............................................................. 7-5

Figure 7-5: View of interior corridors that serve as the residents’ tornado refuge area 
(Birmingham, AL)........................................................................................................... 7-5

Figure 7-6: This portion of a roof from a nearby house was found across the street from 
the nursing home (Birmingham, AL). ........................................................................... 7-6

Figure 7-7: The emergency generator is located near many trees that could easily have 
damaged the generator and taken it out of service (Birmingham, AL) ...................... 7-6

xxviii  MITIGATION ASSESSMENT TEAM REPORT     TORNADO OUTBREAK OF 2011

TABLE OF CONTENTS



Figure 7-8:  Aerial view of the track in the vicinity of the nursing home. Inflow damaged 
the nursing home and buildings (Tuscaloosa, AL). .......................................................7-7

Figure 7-9: Close-up of the nursing home shown in Figure 7-8 (Tuscaloosa, AL) ......................... 7-8

Figure 7-10: Roof structure and brick veneer were blown off the nursing home  
(Tuscaloosa, AL) .............................................................................................................. 7-8

Figure 7-11: Roof structure blown off over resident rooms. The inset is a view from within 
one of the rooms. The window was broken (Tuscaloosa, AL). ..................................... 7-9

Figure 7-12: Interior damage as a result of roof structure blow-off (Tuscaloosa, AL) .................... 7-9

Figure 7-13: View of the two-story wing. Most of the windows along this façade were broken 
(Tuscaloosa, AL). ............................................................................................................7-10

Figure 7-14: Tree-fall damage. Note the boarded-up broken windows. The inset shows a 
close-up of the tree-fall damage (Tuscaloosa, AL).......................................................7-10

Figure 7-15: Generator at the southwest side of the facility. Note the roof structure blow-off 
and wall collapse (Tuscaloosa, AL). ..............................................................................7-11

Figure 7-16:  Aerial view of the track in the vicinity of the nursing home. The center of the 
damage swath is approximated (Joplin, MO). .............................................................7-12

Figure 7-17: Close-up of Figure 7-16 showing the damaged nursing home. The inset shows 
the nursing home before the tornado struck (Joplin, MO). .......................................7-13

Figure 7-18: Aerial view of the nursing home after the tornado (Joplin, MO)...............................7-13

Figure 7-19:  Only one wall remained standing at the nursing home (Joplin, MO) .......................7-14

Figure 7-20:  Aerial view of the track in the vicinity of the St. John’s Medical Center  
(Joplin, MO) ...................................................................................................................7-15

Figure 7-21:  Close-up of Figure 7-20 showing St. John’s Medical Center (Joplin, MO) .................7-16

Figure 7-22:  View of the glazing damage at patient rooms (Joplin, MO) .......................................7-17

Figure 7-23:  This parking lot was littered with 1½-inch nominal diameter aggregate from 
the ballasted roof membrane (Joplin, MO) .................................................................7-17

Figure 7-24: Collapse of a portion of the exterior metal composite foam wall panels at the 
East Tower addition (Joplin, MO) .................................................................................7-18

Figure 7-25:  View of a missing precast concrete wall panel at the loading dock  
(Joplin, MO) ...................................................................................................................7-19

TORNADO OUTBREAK OF 2011     MITIGATION ASSESSMENT TEAM REPORT xxix

TABLE OF CONTENTS



Figure 7-26:  Metal decking blow-off and glazing damage in the administrative area  
(Joplin, MO) ...................................................................................................................7-19

Figure 7-27:  Exterior wall collapse (EIFS over unreinforced CMU) at an equipment room 
(Joplin, MO) .................................................................................................................. 7-20

Figure 7-28:  Metal decking blow-off and glazing and EIFS damage at the medical office 
building/outpatient center (Joplin, MO) .....................................................................7-21

Figure 7-29: Aerial view of tornado track in the vicinity of Fultondale Municipal Complex 
in Alabama (Fultondale, AL) ........................................................................................ 7-23

Figure 7-30:  Tornado winds damaged an emergency generator and a roof, and lifted a roof.
The “shelter” entrance is shown (Fultondale, AL). ..................................................... 7-23

Figure 7-31:  The apparatus bay doors of the fire department collapsed (Fultondale, AL) ...........7-24

Figure 7-32: The metal roof panels blew off the apparatus bay of the fire department. The 
panels unlatched from the clips (Fultondale, AL). ..................................................... 7-25

Figure 7-33: The library is on top of the community tornado refuge area. The note in the 
window directed people to the “shelter” below (Fultondale, AL). ............................. 7-26

Figure 7-34:  The roof structure of the Buildings and Inspections Department building 
blew off in one complete section (Fultondale, AL) ..................................................... 7-27

Figure 7-35: Note the inadequate anchorage from the truss nailer that was nailed to the 
wall top cap block (Fultondale, AL) ............................................................................. 7-27

Figure 7-36:  The front of the City Hall showing damage to the metal roof covering over the 
entrance (Fultondale, AL) ............................................................................................ 7-28

Figure 7-37: Back of the City Hall. Photograph shows the generator that was disabled by a 
fallen tree (Fultondale, AL). ......................................................................................... 7-29

Figure 7-38: Aerial view of the track in the vicinity of the fire station (Tuscaloosa, AL) .............. 7-30

Figure 7-39: View of the fire station. The apparatus bay, the living quarters, and the nearby 
heavily damaged apartment buildings are shown (Tuscaloosa, AL). .........................7-31

Figure 7-40: View of the fire station with adjacent apartment building with unreinforced 
CMU cells (Tuscaloosa, AL) ..........................................................................................7-31

Figure 7-41:  View of the living quarters of the fire station from outside. Note the amount 
and size of wind-borne debris adjacent to the walls (Tuscaloosa, AL). ..................... 7-32

Figure 7-42:  View of a restroom toward the center of the fire station where occupants took 
refuge (Tuscaloosa, AL) ................................................................................................ 7-32

xxx  MITIGATION ASSESSMENT TEAM REPORT     TORNADO OUTBREAK OF 2011

TABLE OF CONTENTS



Figure 7-43: View of the wood-frame apartment building behind the fire station 
(Tuscaloosa, AL) ............................................................................................................ 7-33

Figure 7-44: View of the Webster’s Chapel Volunteer Fire Department in relation to the 
tornado (Wellington, AL) ............................................................................................. 7-35

Figure 7-45:  View of the Webster’s Chapel Volunteer Fire Department after the tornado 
(Wellington, AL) ........................................................................................................... 7-36

Figure 7-46: View of the old apparatus bay of the Webster’s Chapel Volunteer Fire 
Department. The multipurpose room is indicated (Wellington, AL). ...................... 7-36

Figure 7-47: View of the back of the building. The debris in the foreground is from the 
multipurpose room roof and the old apparatus bay (Wellington, AL). .................... 7-36

Figure 7-48: Aerial view of the tornado track in the vicinity of the Smithville Police 
Department (Smithville, MS) ....................................................................................... 7-38

Figure 7-49: Smithville Police Department prior to the tornado (Smithville, MS) ....................... 7-38

Figure 7-50:  Smithville Police Department (close-up of Figure 7-48) showing the room 
where refuge was taken during the tornado (Smithville, MS) ................................... 7-39

Figure 7-51:  Smithville Police Department. Note the collapsed communications tower 
(Smithville, MS). ............................................................................................................ 7-39

Figure 7-52:  The office where two children and an adult took refuge under the desk 
(Smithville, MS) ............................................................................................................. 7-40

Figure 7-53:  View of the collapsed east wall and restroom of the Smithville Police 
Department. Note that some of the restroom walls collapsed (Smithville, MS). ...... 7-40

Figure 7-54: Aerial view of the track in the vicinity of the Curry Building city complex 
(Tuscaloosa, AL). ........................................................................................................... 7-43

Figure 7-55: Oblique view of Figure 7-54 showing the Curry Building .......................................... 7-44

Figure 7-56: View of the southeastern end of the Curry Building before the tornado struck. 
The inset shows post-storm conditions (Tuscaloosa, AL). .......................................... 7-44

Figure 7-57: View of a portion of the collapsed one-story area (Tuscaloosa, AL) ......................... 7-45

Figure 7-58: View of a portion of a collapsed loading dock area (Tuscaloosa, AL) ....................... 7-45

Figure 7-59: View of the refuge area (Tuscaloosa, AL) .................................................................... 7-47

Figure 7-60: Part of the southern portion of the building. The inset shows a metal door that 
buckled inward (Tuscaloosa, AL). ................................................................................ 7-47

TORNADO OUTBREAK OF 2011     MITIGATION ASSESSMENT TEAM REPORT xxxi

TABLE OF CONTENTS



Figure 7-61:  The door that leads to the EOC area. The inset shows the area above the EOC 
that collapsed (Tuscaloosa, AL). .................................................................................. 7-48

Figure 7-62:  An exterior view of the Cullman County government building housing the 
Water Department and the County EMA facility (Cullman, AL) .............................. 7-49

Figure 7-63:  Interior view of the emergency operations room of the Cullman County EMA 
facility (Cullman, AL) ................................................................................................... 7-50

Chapter 8

Figure 8-1: Locations of infrastructure assessed by the MAT in Tuscaloosa, AL .......................... 8-2

Figure 8-2: Locations of infrastructure assessed by the MAT in Smithville, MS............................ 8-3

Figure 8-3: The approximate centerline of the damage swath in relationship to the 
Tuscaloosa Water Works storage tower and the DCH Regional Medical Center ........8-4

Figure 8-4:  Representative damage to overhead electrical lines and substations along the 
tornado path (Tuscaloosa, AL) ...................................................................................... 8-5

Figure 8-5: The approximate centerline of the tornado damage swath in Smithville, MS ...........8-6

Figure 8-6:  Smithville Water Treatment Plant and storage tower aerial photograph pre-
dates the tornado (Smithville, MS) ................................................................................ 8-7

Figure 8-7: Water tower after the tornado (Smithville, MS) ............................................................ 8-8

Figure 8-8: Destroyed unreinforced CMU building and damaged metal-framed building 
(Smithville, MS) ............................................................................................................... 8-8

Figure 8-9: Reinforced CMU building housing control equipment (left) and undamaged 
water treatment control equipment (right) (Smithville, MS) ....................................... 8-9

Figure 8-10: Debris impact damage to Smithville, MS, water tank  .................................................. 8-9

Figure 8-11: Lift pumps and controls of the Smithville, MS, water plant were exposed, but 
not damaged .................................................................................................................. 8-10

Figure 8-12: Lightly secured chlorine cylinders; some were displaced by high winds 
(Smithville, MS) ............................................................................................................. 8-10

Figure 8-13: Aerial view of the Tuscaloosa Waste Water Treatment Plant in relation to the 
approximate centerline of the April 27, 2011 tornado damage swath ....................... 8-12

Figure 8-14: Aerial view of the approximate centerline of the tornado damage swath in the 
vicinity of the latticed 250-foot EMS communications tower (Tuscaloosa, AL) ........8-14

xxxii  MITIGATION ASSESSMENT TEAM REPORT     TORNADO OUTBREAK OF 2011

TABLE OF CONTENTS



Figure 8-15: View of toppled EMS communications tower (Tuscaloosa, AL)..................................8-14

Figure 8-16: View of the collapsed EMS communications tower; the EOC across 35th Street 
is also shown (Tuscaloosa, AL) ..................................................................................... 8-15

Figure 8-17: Photograph shows the six-bolt tower base with cracks in concrete foundation 
cap (Tuscaloosa, AL) ..................................................................................................... 8-15

Figure 8-18: Aerial view of the approximate centerline of the tornado damage swath in the 
vicinity of the 300-foot latticed cellular tower (Tuscaloosa, AL). ................................8-17

Figure 8-19: Base for 300-foot latticed cellular tower (Tuscaloosa, AL) ..........................................8-17

Figure 8-20: View of the 300-foot latticed cellular tower that collapsed during the tornado 
event (Tuscaloosa, AL) .................................................................................................. 8-18

Figure 8-21: Photograph of the 300-foot cellular tower and the metal building to the 
southeast before the April 27, 2011 tornado (Tuscaloosa, AL) .................................. 8-18

Figure 8-22:  View of the collapsed 300-foot cellular tower and the destroyed metal building 
southeast of the tower (Tuscaloosa, AL) ...................................................................... 8-19

Figure 8-23: Remnants of a trailer that struck the fence surrounding the 300-foot cellular 
tower (Tuscaloosa, AL).................................................................................................. 8-19

Figure 8-24: Aerial view of the approximate centerline of the tornado damage swath in the 
vicinity of the solid cellular tower (Tuscaloosa, AL) ................................................... 8-20

Figure 8-25: Aerial view of solid cellular tower left standing after event. Insert shows aerial 
view of the tower amidst destroyed buildings (Tuscaloosa, AL). ............................... 8-21

Figure 8-26: Aerial view of the 300-foot guyed cellular tower in relationship to the 
approximate centerline of the tornado damage swath in Smithville, MS ................. 8-22

Figure 8-27: Aerial photograph showing the 300-foot-tall guyed cellular tower after the 
tornado (Smithville, MS) .............................................................................................. 8-23

Figure 8-28: Guy attachment plate, turnbuckle, and anchor shaft (Smithville, MS) ..................... 8-23

Figure 8-29: Collapsed 300-foot cellular tower. The triple guy in the foreground is one of 
the three supports for the temporary tower on the site (Smithville, MS). ................ 8-24

Figure 8-30: Wind-displaced building materials wrapped around the 300-foot cellular 
tower guy (Smithville, MS) ........................................................................................... 8-24

Figure 8-31: The anchor securing one guy was dragged several feet through the ground 
(Smithville, MS) ............................................................................................................. 8-25

TORNADO OUTBREAK OF 2011     MITIGATION ASSESSMENT TEAM REPORT xxxiii

TABLE OF CONTENTS



Chapter 9

Figure 9-1:  A hardened room in a residential building in Tuscaloosa, AL .................................... 9-4

Figure 9-2: Above-ground residential safe room installed in a garage of a home in Joplin, 
MO, directly impacted by the tornado ........................................................................... 9-5

Figure 9-3: These above-ground community safe rooms in Brookwood, AL, were used during 
the April 27 tornado outbreak, but were not directly impacted by a tornado ............ 9-5

Figure 9-4: Aerial view of tornado damage swath in Crescent Ridge, AL ...................................... 9-9

Figure 9-5: Core remnants of homes sometimes survive a tornado as shown in this 
photograph of site-built homes (Crescent Ridge, AL) .................................................. 9-9

Figure 9-6: The core remnant of a home in Joplin, MO ................................................................ 9-10

Figure 9-7: Manufactured homes destroyed in Crescent Ridge, AL ............................................. 9-10

Figure 9-8: Tornado refuge area in a Tuscaloosa, AL, basement ...................................................9-11

Figure 9-9: Aerial view of the Pleasant Grove, AL, neighborhood ................................................ 9-12

Figure 9-10: A hardened porch slab over this basement helped to create a tornado refuge 
area that allowed this family to survive the tornado (Birmingham, AL) .................. 9-12

Figure 9-11: An interior bathroom, often considered a tornado refuge area, was heavily 
damaged when the tornado struck (Tuscaloosa, AL) ................................................. 9-13

Figure 9-12: Walmart store in Joplin, MO ......................................................................................... 9-15

Figure 9-13: Close-up view of the damage at the Walmart store in Joplin, MO ............................. 9-15

Figure 9-14:  Lowe’s Home Improvement building (Tuscaloosa, AL) ............................................. 9-16

Figure 9-15: Lowe’s Emergency Response Flipchart (Tuscaloosa, AL) ........................................... 9-16

Figure 9-16: Home Depot after the May 22, 2011 tornado (Joplin, MO) ....................................... 9-18

Figure 9-17:  Tornado refuge area (training room) of the Home Depot. Note the collapsed 
tilt-up wall and the wall leaning into the refuge area (Joplin, MO). ......................... 9-19

Figure 9-18: Underground shelter that survived a tornado (rated EF2 based on the MAT’s 
observations) (Smithville, MS) ..................................................................................... 9-21

Figure 9-19: Below-ground hardened structure used for tornado refuge (Hackleburg, AL) ....... 9-21

xxxiv  MITIGATION ASSESSMENT TEAM REPORT     TORNADO OUTBREAK OF 2011

TABLE OF CONTENTS



Figure 9-20: Above-ground shelter with untested door system; inset shows the inside of the 
door latch (Smithville, MS) .......................................................................................... 9-22

Figure 9-21:  A family shelter with a single deadbolt (Athens, AL) .................................................. 9-23

Figure 9-22:  Above-ground hardened structures used as community tornado refuge areas 
(Amory, MS) .................................................................................................................. 9-24

Figure 9-23:  Below-ground, hardened structure with poor door and locking system and 
damaged vent (Smithville, MS) .................................................................................... 9-25

Figure 9-24: Above-ground safe room that matches the aesthetics of the home (outside 
Tuscaloosa, AL) ............................................................................................................. 9-26

Figure 9-25: Above-ground community storm shelter (Graysville, AL) .......................................... 9-27

Figure 9-26: Below-ground FEMA-funded residential safe room (Tuscaloosa, AL) ...................... 9-27

Figure 9-27: Site-built FEMA-funded residential safe room (Tuscaloosa, AL) .............................. 9-28

Figure 9-28:  Below-ground FEMA-funded residential safe room (Tuscaloosa, AL) ...................... 9-29

Figure 9-29: FEMA-funded residential safe room (Smithville, MS) ............................................... 9-30

Figure 9-30:  Below-ground garage shelter (Huntsville, AL) ............................................................ 9-30

Figure 9-31:  ICC 500-compliant storm shelter (Huntsville, AL) ..................................................... 9-31

Figure 9-32: Residential safe room that survived the May 22, 2011 Joplin, MO, tornado 
(rated EF4 based on the MAT’s observations) ............................................................ 9-32

Figure 9-33: Proximity of the residential safe room shown in Figure 9-32 to the 
approximate centerline of the Joplin, MO, tornado damage swath ........................... 9-33

Figure 9-34: Residential safe room (Joplin, MO) ............................................................................. 9-34

Figure 9-35: Community safe room with exterior and interior locking mechanism; inset 
shows the three-point interior locking system (Brookwood, AL) .............................. 9-35

Figure 9-36:  FEMA-funded community safe room (Phil Campbell, AL) ....................................... 9-36

Figure 9-37: Interior of the community safe room shown in Figure 9-36 featuring seating, 
emergency lighting, and ventilation (Phil Campbell, AL).......................................... 9-36

Figure 9-38: A large site-built, below-grade community safe room is housed below this fire 
station; an unprotected generator is shown (Brookside, AL)..................................... 9-37

TORNADO OUTBREAK OF 2011     MITIGATION ASSESSMENT TEAM REPORT xxxv

TABLE OF CONTENTS



Figure 9-39:  Interior view of the well-furnished community safe room shown in Figure 9-38 
(Brookside, AL) ............................................................................................................. 9-37

Figure 9-40: Seneca Intermediate School (Seneca, MO) ................................................................ 9-38

Figure 9-41:  Seneca Intermediate School safe room in the cafetorium ......................................... 9-39

Figure 9-42:  Seneca Intermediate School gymnasium safe room ................................................... 9-39

Figure 9-43: Doors and ventilation louvers in Seneca Intermediate School community 
safe room ........................................................................................................................9-40

Figure 9-44: Outside doors and louvers protected by alcoves at the Seneca Intermediate 
School community safe room .......................................................................................9-40

Figure 9-45:  Elevated ventilator in the Seneca Intermediate School community safe room. 
Inset shows the exterior shroud.- .................................................................................. 9-41

Figure 9-46: Emergency generator building for the community safe room at the Seneca 
Intermediate School ...................................................................................................... 9-41

Chapter 10

Figure 10-1: Concrete nails used in lieu of anchor bolts on residential buildings under 
construction in the City of Tuscaloosa, AL, after the 2011 tornadoes ....................... 10-3

Figure 10-2: Lack of anchor bolts on recently constructed slab foundation in Jefferson 
County, AL ..................................................................................................................... 10-4

Figure 10-3: Plywood placed over damaged glazing at this police station (Tuscaloosa, AL) .......10-10

Chapter 11

Figure 11-1: IBC/IRC covers ...............................................................................................................11-2

Figure 11-2: Collapse of exterior CMU/brick veneer wall and roof collapse at the Joplin 
High School (Joplin, MO). The wall debris fell into the corridor. .............................11-9

Appendix E

Figure E-1: The EF scale is based on level of typical observed damage ..........................................E-2

xxxvi  MITIGATION ASSESSMENT TEAM REPORT     TORNADO OUTBREAK OF 2011

TABLE OF CONTENTS



List of Tables

Executive Summary 

Table ES-1: Summary of the MAT’s Key Recommendations ................................................................v

Chapter 2

Table 2-1: Fujita Scale Converted to EF Scale ................................................................................. 2-4

Chapter 3

Table 3-1: Wind-Borne Debris and Rolling Debris Classifications ................................................3-8

Table 3-2: Historical Codes for Commercial Buildings ................................................................ 3-16

Table 3-3: Historical Codes for Residential Buildings .................................................................. 3-16

Chapter 4

Table 4-1: Degrees of Damage for One- and Two-Family Residences ........................................... 4-3

Table 4-2: Degrees of Damage for Multi-Family Residences ........................................................ 4-24

Table 4-3: Summary of Conclusions and Recommendations for Residential Building 
Performance ................................................................................................................... 4-36

Chapter 5

Table 5-1: Summary of Conclusions and Recommendations for Commercial and 
Industrial Building Performance .................................................................................5-49

Chapter 6

Table 6-1: Number of Critical Facilities Observed by the MAT ..................................................... 6-3

Appendix G

Figure G-1: Load path elements and height and width limitations for residential buildings 
covered in Appendix G ................................................................................................... G-4

Figure G-2: Anchor bolt installation guide ......................................................................................G-13

TORNADO OUTBREAK OF 2011     MITIGATION ASSESSMENT TEAM REPORT xxxvii

TABLE OF CONTENTS



Table 6-2: List of School Districts Interviewed by the MAT .........................................................6-44

Chapter 7

Table 7-1: Summary of Conclusions and Recommendations for Critical Facility  
Performance ................................................................................................................... 7-52

Chapter 8

Table 8-1: Summary of Conclusions and Recommendations for Infrastructure  
Performance ................................................................................................................... 8-25

Chapter 9

Table 9-1: Summary of Conclusions and Recommendations for Tornado Refuge Area, 
Hardened Area, and Safe Room Performance ............................................................ 9-47

Appendix E

Table E-1: Wind Speeds Used in Fujita Scale Compared to EF Scale ............................................E-3

Table E-2: EF Scale Damage Indicators ...........................................................................................E-3

Table E-3: Example – EF Scale DOD for DI No. 2 (Single-Family Residence) ..............................E-4

Table E-4: MAT EF Ratings for Sites Visited in Alabama, Georgia, Mississippi,  
and Tennessee ..................................................................................................................E-5

Table E-5: MAT EF Scale Ratings for Sites Visited in Joplin, MO ..................................................E-8

Appendix G

Table G-1: Recommended Design Pressures for Doors and Windows .......................................... G-7

Table G-2: Connector Selection and Installation ..........................................................................G-10

Table G-3: Roof-to-Wall Connector Requirements ........................................................................G-11

Table G-4: Roof-to-Wall Connection Loads ...................................................................................G-11

Table G-5: Anchor Bolt Spacing Guide ......................................................................................... G-12

Table G-6: Percentage of Full-Height Sheathing in Maximum Building Dimension  
(Length) .........................................................................................................................G-14

xxxviii  MITIGATION ASSESSMENT TEAM REPORT     TORNADO OUTBREAK OF 2011

TABLE OF CONTENTS



Table G-7: Percentage of Full-Height Sheathing in Maximum Building Dimension  
(Width) .......................................................................................................................... G-15

Table G-8: Top Plate Splice Guide  .................................................................................................G-17

Table G-9: Connection Loads at Each End of Exterior Wall Headers .........................................G-17

Table G-10: Connector Requirements at Each End of Exterior Wall Headers ..............................G-18

Table G-11: Top Plate-to-Stud-Connection Loads ...........................................................................G-19

Table G-12: Top Plate-to-Stud Connector Requirements ................................................................G-19

Table G-13: Stud-to-Stud Connection Requirements ..................................................................... G-20

Table G-14: Stud-to-Bottom Plate Connector Requirements ......................................................... G-21

TORNADO OUTBREAK OF 2011     MITIGATION ASSESSMENT TEAM REPORT xxxix

TABLE OF CONTENTS




	Front Cover 
	Disclaimer
	Title Page
	Members of the Mitigation Assessment Team
	Dedication
	Cover Photo Captions
	Executive Summary
	Observations 
	Recommendations
	Table of Contents
	List of Figures
	List of Tables


